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(54) SEMICONDUCTOR THIN FILM MAGNETIC RESISTOR ELEMENT AND FABRICATION THEREOF 

(57)Abstract: 

PURPOSE: To provide a semiconductor thin film magnetic resistance 
element which exhibits high reliability in high temperature application 
such as gear sensor for automobile. 

CONSTITUTION: A semiconductor layer 2 of InSb is deposited on an 
insulating glass substrate 1 and then a short circuit electrode 3 of 
chromium and a terminal electrode 4 of copper or gold are provided 
thereon. This constitution provides the short circuit electrode 3 having 
stabilized low contact resistance which hardly react on the 
semiconductor layer 2 even under high temperature, resulting in a 
semiconductor thin film magnetic resistor element suitable for high 
temperature application. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor thin film magnetic resistance element used for the bottom 
of the environment for which especially thermal resistance is needed, and its manufacture method about the galvanomagnetic 
device used for detection of rotation, a variation rate, etc. 
[0002] 

[Description of the Prior Art] Generally, as a rotational detection method, although there are various methods, such as optical 
and a magnetic method, the magnetic method which cannot be easily influenced of such atmosphere is the most advantageous 
to the use in the environment where it becomes dirty and is [ dust ] easy to adhere in these methods, moreover, this magnetic 
method ~ also setting - electromagnetism - although there are various methods, such as pickup, a hall device, and a magnetic 
resistance element, while being equipped with various sensor elements with electronic processing of an automobile in recent 
years, the gear sensor using the hall device (Hall IC) which can be miniaturized, the ferromagnetic-thin-film magnetic 
resistance element, the semiconductor thin film magnetic resistance element, etc. is widely examined as the sensor for 
rotational frequency detection, especially a gear sensor combined with the iron gearing 

[0003] However, the hall device, the Hall IC, and the ferromagnetic-thin-film magnetic resistance element had the small 
detection output in a magnetic force sencor, and since they needed to make the gap of an iron gearing and the detected body 
small for noise reduction, they had the problem of being hard to use as a gear sensor. Since a detection output can be enlarged 
and the tolerance of a gap with the detected body can also be greatly taken when a semiconductor thin film magnetic 
resistance element uses the large semiconductor of electron mobility to these, it is thought that the semiconductor thin film 
magnetic resistance element using the indium antimonide with the largest electron mobility (it is described as Following InSb) 
is most suitable for the gear sensor in a semiconductor. 

[0004] The semiconductor thin film magnetic resistance element using the conventional InSb is explained below. Drawing 4 
shows the cross-section structure of the semiconductor thin film magnetic resistance element using the conventional InSb. In 
drawing 4 , 1 1 is an insulating pedestal which consists of glass with a thickness of about 1mm etc. 12 is the semiconductor 
layer which consists of InSb of the shape of sheet metal with a thickness of several micrometers - about dozens of 
micrometers, and has fixed on the insulating pedestal 1 1 by the glue lines 13, such as an epoxy resin. In order to obtain what 
was excellent in the property, after this semiconductor layer 12 forms an InSb single crystal with vacuum deposition on what 
ground and sheet-metal-ized the InSb single crystal, or a mica substrate, it is obtained by imprinting using detachability with a 
mica substrate. 

[0005] Similarly the short circuit electrode which 14 becomes from copper with a thickness of about 1 micrometer, and 15 are 
terminal electrodes, and are formed with thin film processes and wet plating, such as vacuum deposition and sputtering, on the 
semiconductor layer 12. From this state, the semiconductor layer 12 and the short circuit electrode 14 are processed into the 
configuration of a magnetic resistance element by the photo lithography method. When based on wet plating, since the short 
circuit electrode 14 can be beforehand formed only in a required part, this process is unnecessary. 16 is a protective layer 
which consists of a silicon dioxide with a thickness of about 1 micrometer etc., and is formed according to thin film processes, 
such as sputtering, except for the terminal electrode 15 top after processing an element configuration on the semiconductor 
layer 12, a glue line 13, and the short circuit electrode 14. The structure of the semiconductor thin film magnetic resistance 
element using InSb is acquired by the above composition. 
[0006] 

[Problem(s) to be Solved by the Invention] However, with the above-mentioned conventional composition, in order that a 
crack might arise in the semiconductor layer 12 at the time of an elevated temperature according to the difference of the big 
coefficient of thermal expansion of a glue line 13 and the semiconductor layer 12 and an element might break from the 
structure which fixes the semiconductor layer 12 on the insulating pedestal 1 1 by the glue lines 13, such as epoxy, it did not 
have the reliability which can be equal to practical use in the temperature requirement which is -50-+ 170 degrees C mentioned 
above. Moreover, since the short circuit electrode 14 consisted of copper which carries out an alloy reaction easily also at low 
temperature comparatively with InSb, alloying with InSb and copper advanced under the elevated temperature of 150 degrees 
C or more for a short time, and since an element property deteriorated remarkably, it had the trouble of not having the 
reliability which can be equal to practical use in a -+170 degree C temperature requirement like the above. 
[0007] this invention solves the above-mentioned conventional trouble, and it aims at offering the semiconductor thin film 
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magnetic resistance element which has sufficient reliability which is not destroyed at an elevated temperature, and its 

manufacture method on high-temperature-service ways, such as a gear sensor for automobiles. 

[0008] 

[Means for Solving the Problem] In order to attain this purpose, the semiconductor thin film magnetic resistance element of 
this invention is taken as the composition equipped with the insulating substrate, the semiconductor layer which consists of 
InSb formed on this insulating substrate, the short circuit electrode which consists of chromium formed on this semiconductor 
layer, and the terminal electrode formed in the insulating substrate or the semiconductor layer. Moreover, after the 
manufacture method of the semiconductor thin film magnetic resistance element of this invention processes these 
semiconductor layer and a short circuit electrode to an element configuration by the photo lithography method, it is made into 
the manufacture method heated by the 200-300-degree C temperature requirement. 
[0009] 

[Function] Since the semiconductor layer which consists of direct InSb is prepared on the insulating substrate, a crack can be 
prevented from being generated in a semiconductor layer under an elevated temperature by this composition, moreover, the 
chromium which serves as shallow donor level in InSb that it is comparatively hard to react a short circuit electrode with InSb 
to a bird clapper -- ** - the short circuit electrode of the low contact resistance value which has the stability to near 200 
degree C can be obtained by carrying out Moreover, by heating after processing a semiconductor layer and a short circuit 
electrode into an element configuration by the photo lithography method, distortion of the semiconductor layer by the internal 
stress of the short circuit electrode which consists of chromium can be removed, and the property after element completion 
can be stabilized. 
[0010] 

[Example] The example of this invention is explained below, referring to a drawing. 

[001 1] (Example 1) Drawing 1 is the cross section of a semiconductor thin film magnetic resistance element using InSb in the 
1st example of this invention. In drawing 1 , 1 is an insulating glass substrate with a thickness of about 0.5mm. 2 is a 
semiconductor layer which consists of InSb with a thickness of about 3 micrometers, and is directly prepared on a glass 
substrate 1 by the 3 temperature vacuum deposition which controls the temperature and substrate temperature of two 
evaporation sources of In and Sb. The short circuit electrode 3 which consists of chromium with a thickness of about 500nm 
by the 100 to 300 degrees C temperature requirement by the vacuum deposition method is formed on this semiconductor layer 
2. Since sufficient adhesion intensity between the semiconductor layer 2 and the short circuit electrode 3 will not be obtained 
at this time if the formation temperature of the short circuit electrode 3 is 100 degrees C or less in temperature, and desorption 
of Sb will arise from InSb of the semiconductor layer 2 if it is 300 degrees C or more, and the property of the semiconductor 
layer 2 deteriorates, it is required to form the short circuit electrode 3 at a 100 to 300 degrees C temperature requirement. 
[0012] Then, using the photo lithography method, when the chromium of the short circuit electrode 3 ********** s by the 
solution of a sodium hydroxide and potassium permanganate and InSb of the semiconductor layer 2 ********** s by the 
mixture of a nitric acid, a lactic acid, and a glycolic acid, respectively, the semiconductor layer 2 and the short circuit 
electrode 3 are processed, and the configuration of a magnetic resistance element is acquired. The semiconductor layer 2 of 
the part inserted into the short circuit electrode 3 of this time each serves as a part which acquires the magnetoresistance 
effect. A semiconductor thin film magnetic resistance element is obtained by carrying out wet plating of copper or gold with a 
thickness of about 1 micrometer, and furthermore, forming the terminal electrode 4 in the edge of the semiconductor layer 2. 
[0013] In the semiconductor thin film magnetic resistance element constituted as mentioned above, in InSb of the 
semiconductor layer 2, distortion has occurred locally with the internal stress of the short circuit electrode 3 which consists of 
chromium, and the resistivity of InSb of the semiconductor layer 2 is changing with these distortion partially. However, in the 
temperature of about 170 degrees C made into the purpose, since it is eased gradually and change of the element resistance at 
the time of real use arises as the result, this distortion needs to ease this distortion beforehand for stabilization of an element. 
For this reason, after processing the semiconductor layer 2 and the short circuit electrode 3 into an element configuration by 
the photo lithography method, distorted removal is performed by heat-treating by holding to a 200-300-degree C electric 
furnace. As heat treatment time, 200 degrees C is enough at 300 degrees C in about 1 hour for 4 hours, since the time when an 
effect is acquired at the heat treatment temperature of 200 degrees C or less here becomes long, and desorption of Sb from 
InSb will take place if it is not practical and heating temperature is too high, it is necessary to make it 300 degrees C or less, 
and stabilization of the resistance of an element can be attained by performing 200-300-degree C heat treatment in 
consideration of these, without being accompanied by property degradation - it is a thing 

[0014] Thus, change of the element resistance at the time of performing an elevated-temperature shelf test [ in / 200 degrees C 
/ for the obtained semiconductor thin film magnetic resistance element ] simultaneously with the conventional example is 
shown in drawing 3 . When the life point of an element is considered as the time of changing 5% to initial resistance from 
drawing 3 , it turns out to the conventional example being about several hours that the magnetic resistance element of this 
example has the life of 1000 hours or more. 

[0015] In addition, although heat treatment was performed by the method of holding with an electric furnace in this example, 
you may energize the direct current power of 0.8W/mm2 to the terminal electrode 4 for 1 hour. In this case, by making a 
direct current power large to the grade from which destruction of an element does not take place, shortening of heat treatment 
time can be attained more. Moreover, although the terminal electrode 4 was formed by copper or gold plate in this example, 
like the time of formation of the short circuit electrode 3, the vacuum evaporationo of the chromium may be carried out and it 
may be formed. 
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[0016] According to this example, the semiconductor layer 2 which consists of InSb is formed on the insulating glass 
substrate 1 as mentioned above. By considering as the composition which comes to prepare the short circuit electrode 3 which 
consists of chromium on this semiconductor layer 2, and heat-treating these semiconductor layer 2 and the short circuit 
electrode 3 within a 200-3 00-degree C temperature requirement after processing to an element configuration by the photo 
lithography method While having sufficient adhesion intensity and being able to obtain the stable short circuit electrode 3 of a 
low contact resistance value, stabilization of the resistance of an element can be attained, and the thermal resistance of an 
element can be improved to 200 degrees C. 

[0017] (Example 2) Drawing 2 is the cross section of a semiconductor thin film magnetic resistance element using InSb in the 
2nd example of this invention. In drawing 2 , 5 is an alumina substrate with a thickness of about 0.6mm which prepared the 
through hole in the thickness direction, and a glass layer with a thickness of about 50 micrometers which formed 6 by printing 
baking on the field in which the element of the alumina substrate 5 is prepared, and 7 use the conductor which becomes the 
through hole of the alumina substrate 5 from silver and the alloy of palladium as a terminal electrode by the conductor with a 
thickness of about 10 micrometers formed by printing baking. The 1st example and this appearance of 8 and 9 are each a 
semiconductor layer and a short circuit electrode, and those material, the forming method, and the processing method are the 
same as that of the 1st example. 10 is a protective layer which consists of an acid silicon nitride with a thickness of about 1 
micrometer, and is formed after processing to an element configuration on the glass layer 6, a conductor 7, the semiconductor 
layer 8, and the short circuit electrode 9. Although this protective layer 10 is formed of vacuum processes, such as the 
plasma-chemistry gaseous-phase depositing method (the PECVD method) which makes a silane, a nitrous oxide, and nitrogen 
material gas, by performing temperature at the time of this formation in the 1st same temperature requirement and same time 
as heat treatment temperature of an example, it can ease distortion of the semiconductor layer 8 like the 1st example, and can 
attain stabilization of the resistance of an element. 

[0018] In the semiconductor thin film magnetic resistance element constituted as mentioned above, change of the element 
resistance at the time of performing the elevated-temperature shelf test in 200 degrees C simultaneously with the conventional 
example like the 1st example is shown in drawing 3 with the 1st example. Drawing 3 shows that the element of this example 
has the life of 1000 hours or more like the 1st example. 

[0019] The alumina substrate 5 which prepared the through hole in the thickness direction as mentioned above according to 
this example, The semiconductor layer 8 which consists of InSb is formed on the insulating substrate which consists of a glass 
layer 6 formed on the field in which the element of this alumina substrate 5 is prepared, and a conductor 7 formed in the 
through hole of the alumina substrate 5. While considering as the composition which forms the short circuit electrode 9 which 
consists of chromium on this semiconductor layer 8, and comes to prepare a protective layer on these By forming the 
semiconductor layer 8 and the short circuit electrode 9 after processing, and forming a protective layer 10 in an element 
configuration within a 200-300-degree C temperature requirement by the photo lithography method While having sufficient 
adhesion intensity and being able to obtain the stable short circuit electrode 9 of a low contact resistance value, stabilization 
of the resistance of an element can be attained, and the thermal resistance of an element can be improved to 200 degrees C. 
Moreover, even if it becomes an elevated temperature and a conductor 7 and the semiconductor layer 8 react, since a 
conductor 7 is in the rear-face side of the semiconductor layer 8, it will be small, while being able to attach a lead terminal in 
the rear face of the alumina substrate 5 firmly by having formed the conductor 7 of a through hole. [ of the influence on a 
property ] 

[0020] In addition, although the example 1 showed the example without a protective layer, you may form the same protective 

layer 10 as an example 2 for the need responding. 

[0021] 

[Effect of the Invention] this invention can realize the outstanding highly reliable semiconductor thin film magnetic resistance 
element which has sufficient thermal resistance also in 200 degrees C to high-temperature-service ways whose service 
temperatures are -50-+ 170 degrees C, such as a gear sensor for automobiles, by considering as the composition which 
prepares the semiconductor layer which consists of InSb on an insulating substrate, and comes to prepare the short circuit 
electrode which consists of chromium on this semiconductor layer as mentioned above. 
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